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Abstract 



Techniques are provided for frequency coordination among two different wireless network protocols, such as the 
IEEE 802.1 1 and Bluetooth protocols, operating in proximity with one another. Coordination is accomplished by the 
use of a first radio transceiver operating in accordance with a first communication protocol (which may be the 802.1 1 
protocol) and using a frequency band (which may be the 2.4 GHz band), a base station connected to a wired 
network and operating in accordance with the first communication protocol, a second radio transceiver operating in 
accordance with a second communication protocol (which may be the Bluetooth protocol) and using the frequency 
band, and a coordinator associated with the base station for, in turn, activating the first radio transceiver, 
deactivating the fi rst radio transceiver, activating the second radio transceiver, and deactivating the second radio 
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transceiver. I i 
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Lx^-^mtm^mmmf^m-thtzihcry^mmf^ 
t, ga^Hfria^irohn^s-^LTx-^aftfi 

^iSfetftdt L3r^{*ifci$igfc Jiof l ilfiro 
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[00153 -n*6<7)^©^tjv^T{±. vg»j«ra* j m^ 

<0«iaiaSBW)BC» 2f-^ SUIT o h a ;KC J: -> T 
ttfcfcTf-ifcAfcBWt&ix'O**. IS 1 
fl7"ob3;Ki8 02. 1 1 7*nf3;K'AI.. SfS2*S 
tlilflTo h Z2Mi7)l~ b <? -XT'£> h . 
[0016] *»^JiQ'Ofl!IBB£*JVvCM:. 1 o<7)T^ 
•feX,iMyhi:. S& 136&T nb 3/K 8 02. lit 

t h 1 o^ift^JL- -y h Srflii , ^i&^jL- . y h 
^2i«7D h 3/1^ ( TVP— h <7-XT$>& ) Srffiffl 

mmwt'-aym^. m\fmrrub^Mzx-> 

-s§^\ ^liiiirohayHcioTr^-fex^ y h*> 

t>mm$ix. ztiiz£~>Tt'-a>m^mmzty^xm 
mmyabajuz&mLxm^zmm-t&zt zm^x* 

^iifie#(c«js l x , is#n#isfgpi<^ tc» 2 $my°v 
b3fr*&m-?h~?A?-mw.tLxmmL. tmmm 

[ooi7] -mmemmizts^xte. t'-n>m^m 
m±3m#fffifflmzttmztixi5K>. T?*xm> 
bim i &mm<rm. F<o-r-*»«* 
ff^, T7-tz*m >biim2#fmmm<7)ffl. m2mm 

>Mi3S3B#iarail<7)f§L Sliirn h3;U£ffifflL 

< J: 5 § z t ifix- % h . wmmmcommizti 

[0018] *»H<0JM«ffll»fc <fcix<2\ vx? x 

W-7'roN3;l^ C77L— h ?-xc7)J; o3r) SrffilBL 

0, -?x*— b^y^— -K— j&*S&1«R*4 Axoy b 

nmizx^-ymmzmmL. xu-ymmtezm.^f 
Axn ybcr>mzm-?*?-mmt,zmmL. mmt?j 

AXa -yb lZtt&-t& * y TjiJgTfJr^jgjSii:* y r 
•y hcO^ 1 mffl<7)fS\lZ<%<7)? 4 AXO y MCfrfjE-f 
ZixUmVfJ AXD y KOV^-^hj&HOHCT*®*^ 



[0019] imKmmizii^xii. mmmz. -?x 
aawaws wt*-* i a izmm-t h z 1 1 . 

«3 vx ?-Jiaa s 

[0020] *^B>lOS'I<7)ffl|®tclDV^T(±, 1 -f-* 
jlffrn h 3;K 8 0 2 . 1 l^io^r) SrffiffltTT 
^-tx^ >btmm-t&J;oE.@.Zti. &tzW.2T- 
?mm7u b ( h ^-xc^i a & ) L 

■c itxmm t mm- s «t 3 mess *rc v ^ j-- ••/ 

h2:iii.^te|l7 ; -^afiv-X'rAt#^afiSr-§-^S 

it, miT-fmm-Tnb^ju&tiimLx, n^xx 

4 >bb&«&3-~>y bcofflX-mmZtlh. MPMUlz 

nfa-th^—nt. w>2?-?wm9uba)vzm\L 
xm&i3-- -;btmwmgimv>f%x'mmzti&. mm 

mix-^jiftrah^^Sr^fflLTilft^*^ 

[0021] »aKris«K:*jv^tt. *p»e-^K«*E , r 

-y h J^ffl^acO^cOaflti, 7*^- h ■? -X A 

[0022] *^cr)^/i8ij<7){iH^ 4 -i. fc . m-mwi 

M(802. 1 iay"7VU-h ■y-XOi^^r) ICfc 

v Vffirf h m i at^m 2 -f- ^ ii«ro h a >v * mm 
Lxmm-t&Xoiz&wzti. rr-kxxj >bizm.*- 
izhzti. miafiruh3;uc<t->-c^raraPS5rJi-? 
* 0 1 § tr- 3 yfi-f-$- -e- i <^fi-r s i d tc^r 
^tz&m&^-vbzm^httnttwwKZti 

S. Ifli, T^-feX*r-Y>-h^ffl^-b$n^Ki^ 

ftl±^4i*iaiai«<0— PO-«*tB3&t*, T^-bX.-K 
-f^h (CTse-^oid^:) 3&»^SfiSii6. Site* 
a-yKi. m2x-^afirnh3/WSr«fflLB*^ 

[0023] *mm$.tzji%nmwizx 1 1 . ^< t 

t locor^-fex^ >-bt^< 1 1 loco^t^J- 
^■yh^^TL. ^»iCi--yh*^ mi^S«f*IT-m 
l^Hx_^iifiroh3/K8 0 2. ll«7)J;3^r) 

srffifflL-cT^-fex^^btafiL. mimmk&ft 
x'm2mm s f-9Mmy'aba^ (y/v—b-y-xcox 
0%) zmmtxmcDmwtmm-t&j; oizwmztitz 
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mztix^z. WHMmyabzuuzte^xTt-tx-x: 
4>bfrt>mmzti&m^ (CTscojca^r) «4. r? 

JzXXJ y b tm.^iy^tz^Wm^ -y WW, 1 x- 

too24] ^wottzmnmmiz x h t . m—mwi 

S^(802. 1 lRXf-?)V-b*7—x<n£o%) PIT 

ro h u)v*mm Lxmm-^xo izmw.ztix^&& 
m^j-~ -v b zftm^ztetf>cr)jm ; tfm*ztix& k> . 
zzx\imfc&3---v bar t^xx-i > btm^h 

SrffifflLT^m^2MSfi^-^^ftLT^-?.. &m 

[0025] (5&HJO^*teO^® ) 0 1 KiJ. agtco^ 
-^f-y 3 >X(49WWfC^Tlg*y 1 Ofc: 

iM4 0. 5 0$nm-feWyh (AP) 2 0, 

3 0*>"^$ixTv^ o cpu 1 2t,zmmztix^&§,m 

c0T7±XtM y bZftUim*-? h7-?#*MW3r 
-WAPJttfflf^; t tf#-S>„ #API1 80 2. 

1 1 7n n 3^oTT'*njg^ ( r f ) m^mm. s 

fl-r^./^^S6 0, 7 0^iitTV^ o 8 0 

2. 1 l7'nhrj/l,£&fflLT. If &?)4§|§l b 7 > i^- 
^-i>L<ii^m^--/b (MU) 1 20. 140*« 

r Fm^mm. ^motzmzmms o . 9 0 * l 

Tjifg-T-S. #MU 1 2 0. 14 0ii^^, iih^y 

-^'-«4. h *?-x-?x?— ( b tm ) mm. 1 3 
0. 1 5ot'*>o, .in^a^. Mz-m^-vmw 

10 0. 1 1 05-Jg^tTlr^. MUt BTMOf§J<9ffl 

KioT^tiTV^. ra^-K^gi 0 0. 110 

[0026]^BTM130, 15 0«4. r^-h-?- 
xy'u h 3;^iT' 1 Xl±%tm±<r>~?)V- b ■y-xx 
l/-y(BTS)gfl60. 1 70. 180. 1 9 

0. 2 00. 2 1 otiifiL-o^ yju-b-y-xy 

oh3/U±. #BTS*<BTMt®etC^-f-^J:o(: 
it££ixTV^ fct, SiBJ?fLT^|,J;a^. BT 
S1A160. BTS1B170. BTSlC180li 
RFfg^2 2 0. 2 3 0. 2 4 0 £f£ffl LT B TM 1 1 

3otw^i{rr& <> ;w^3^ 7 h28o^^«-r 



6. tfc^oT. BTS2A190. BTS2B20 
0. BTS2C210I1 RFft^-250. 260. 2 
7 0Sr«fflLTBTM2 1 5 0t»frr&. .Tftfr'tn 
*yh2 9 05-m-r^». BTS<O0lJ<4. a-VUXV 

[0027] tei^V^ai, BTM 130. 15 
OtZtl^lzmfr-ShZtltzMU 1 2 0. 140i:)^ 

£ts<4, m-cr>2. 4 ghz i sMjf^-eft^w-s*: 

46. BTM 1 3 0. 1 50MMU120, 1 4 OteS 

oo.ii oi,ziRmzixx^&mzizzoX'$>z>. 

T. 2^c0^a^PS-f.5^*^l.. .TCDid&Ifflg 
^•ffi^lo(i. ±i LT8 0 2 . lit BTiio^ 

. 802. lit BTmrnrntrnf-ztzii-m^ 
-bmm^zm^tLx^^m^) izti^xmvx^h. 
h&mMnmmiz&^xit. y^-b-y-x^x^ 

f4. ZZXWPJIZtltz 8 0 2. HAPH^o-A 

-fe^-h^nt^-i. APt<?Diis?i-t(c2o^s 
nmxmmzfL&<, 

[0028] mizfflcommoBmizm^xte. -m=t- 

bmWl 00. 1 10IJ. 802. 1 17yft8 0, 
90#. RFft-^-220. 230. 240. 250. 2 

6 0. 27 ozz&kz^&y^-b -7-xT>f~nzm 
Lxw.$iftmt,zzc&& oizmt$ti.x\,i&. zcntmiz 

X -5 T . 8 0 2. 1 1 h 7 -X^tcov ^TttSn 

[0029] m6i±T&£tm?$itz>tibbizmmzti.& 
w^a-wr yj-^^—m^^Lx^h . me^ryr-i- 

«if{4. T^mtcxkmxJ V5 1 0(CJ;-?T3*fim/S 
ft^Wg^^ix^SE^fii^mffiTyT 1 ^ 5 0 2 

■c^s. zcommttfz. im^ttitzmmx-i yso 
8(,zxr>x mm®/%imizmffiztitzM&T-2* 5 0 

4. 5 0 6^mttzMj J ^m<^)WMry ; ri-i^A,X'^ 

&<cotticom3iiftm<vTy'ri-mwm 

[0030] mnmmnmmiz&^xiz. btm 1 3 
0. 1 5oii. mn£odBm£oi>mK mttmizig, 
^mxis^ji-xmmz'fToZomsbztiz. zcrtms 

«i. 8 0 2. 11 f)V- b -y-x^mztttiBWZffimZ 

s-i&zbtfxz. zzx-mm^ixtzm^ry^hL 
[0031] wicommv&miz&^xii, 8 0 2 . 11 

AP20. 30tMU120. 140*^2. 4GHzX 

b y2±<F>-m>x<tm$h £ o izmt-th zttfxz 

BTM1 30, 1 50tBTS160. 1 70. 
180. 1 90. 200. 2 1 0(42. 4GHzW 
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[00323 Mconmeffimiz&^xte. btm 1 3 

0, 150(4. m$&>£th2H>L< \t 2^0±.cr>7 
cr>mWL$C*>yy°t,Zi5\,*X8 0 2. 1 1 ^X^Afr'tefflL 

x^z><vtmtmmte&m-r&. t btm 130. 1 

5 0#WBrLfc*£CMU BTM130. 1 5 0(4^ 

fcffiBcu fw:toT8 0 2. 1 1 rt&mtztt-ti 

X. ~7)i>-Y<?-Xb&0 2. 1 1 <r>fflcr>=Fm&. *v 

zbizZi^xm^LKimzztiz. z^Mnmn. 
i§it<80 2. i rMmt^&^&^m&nh&wmi- 

v >*/Ucr>g.eUt£XZ o izm&th Z t i>X 

[0 0 3 3] 7/l<-b<?-XlZ. (it/Lt'cT) I EE E 8 
02. 1 lW^X Ot^iK^yTf 

y^tetscx^? (fhss) mmzi&mLx^ 
7)u-ho-ximfc<r>mmkizffi%i.%tfbm^ 
v^mm-th. nt^t'coi eeeso 2. 11 

X^h^AfDSSSl^ffiftl,, IEEE 8 0 
2. 1 lWLAN^A'-y'aytibS, 
[00 34JMSWC. IEEE802. ll/tjr 7 b 
coilflrWi , 7V1~ h ■> -x 9 i-'5f (i£ < offlttftia* 

ft^cO^/U-h^-X^ y M4IEEE80 2. 1 1 
^•yhfcf^L IEEE802. ll^v^I 
5-*5l*jBi"t;i: IEEE802. 1 IK 

[0035]i5C*§iltV^C:<7)a»(l IEEE 
802. 1 lWLAN^ifT'^-tl.^-t^^T'^-h 

■7 -x#aftatA*-f ixtTymm.i.zn^x t fiyHwe* 

4. -e^Sffiti. 2. 4GHzISMftBfltLTV^ 
[0 0 36] r/U— h?— A*-y hV-^Ji. 

v^zn^x^mth Qm±X'<r>zf)i>- b v-xmmzi. 

m£Xcr>XU—7$:ffiz.T^&. t3*7 hCfett^^: 
XCDwiKfJl— b v-XgiWlt. l»afcD160 0* 

•y row^-c-jif (c* -y ri-i. . ntift* 
cr>mmtu,zffi , gir h mmi±x D7h^^^ ^ & . 



h*imx'h&. ^x?-tx\s-rimmzME*L. 

-?x?-ii{m.xn»/bX\ XU-yii^xa-y bX 

msth. ■£#* i 5miz±*)zzizm?>-?jri& 1 999 

^ 1 2fl 1 S£07^- h f-Xftif A'-y- 3 y 1 . 0 

[0 03 7] TlV—b ■?— XM^7 MciSttSVX? 

M^'Jy^ (ACL) tfhh. mz, ^T-^5rjMfl 

■*"*tf5fc:«fflSn6R«WIS-&y>'^ (SCO) 

4. b°=j'j>-^c7)vx^-{±. ACL'jy;±<of-? 

[0038] bmmm<?)&-r>v- b -y-xm 
BkL m^yy^^-iryxizm-yx-^^ yy-t 
h. H5»i. jaaak^wfff ( 1 > , f (2 > , . . . 

f (n) . . . t^oTtf-yT-f -&^B£^LT^!.. 

4 057^7 o-fe^ > F<oimsH8ifc:saw-s 

MZ 2 2 0 v>f 9 n-tti > b&Mffi$:'&A,X^&fr£m 

[0039] ISZlzWLWLfzX 3 «ftXD7 hT 
( f ) coWlXli, -?x?-iix\s-7i,z&mL, $SS:x 
n vbR ( f ) ^ST'ti. xu—7&-?x?—lzmm& 

&t. -?X?-\$hhXf>&®ML? 4 J*XU-v bt,Zti\,iX 

)mx'%z>. xu-nt. -?x*>-Km<7)9 M±xv -, 

M:fcUTXl/-7'CA77 bmmLtzi§r£t,Z<7)A.^ 9 
4 AXU-y h(Cfc^-C-7X7-tCiifi^^r3 itsS^S 
7x7-^X07 h ( n ) +T*£'<DXl — 7{;i,f 
-^SrHS«L^rv^*^t:tt. v^^r^xi^-ytxo-y 
h (n+l ) icfco-Citfitiffx^v^ icoaBijcoW 
(i s SCO'J y-7'^lr y Mcov^TOtOT'ib 0 . £^ 

T-^tt«fc:»r^tf5SIJfflB«aHi-cafiSii 
l)„ Zcotztb. ACL'jy^Co^tli, 7^;-4!f 
-72rj*flt=5rv^. x^-^Jix-^^^ftL^ 

[0 04 0 ] 3S4T14. t3* 7 h7X^- ti, g/bO 

mmvmizmnmwrfx^? b 5M.*wft+&&B&'i 

TV^IEEE802. 1 l^Sry btffo&%&. 7)V 

-b^-x^x9—\tm<r>isx^jLtfT&m*px$>hfrz 
fix.xvm-thzt\^<. m&iiz, *Lx-5if£%i§& 
lira tffl*»rce & t msmtz. r>u-b 

■7-X-7X9-HI EEE80 2. HA7 7ht : F# 

[0041] 2207>f ru^tiybcoffimmmffimz 
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^Sr-TI»a*(i:. ~?X?-tffflmkf (n) 

(n+i ) cri^co^-f AXD.y vcnmizmmz'trofrt* 

X'foh, %-oX. ~?X? 4 McttiE 
-fif-{±f (n+1 ) (CBSWU !^6 0-7 -f^n-te 

mmmizaif^m^m^mm^m^ <rss 
izim&f (n) (cwfip-ri.. a5{isi^^^$^ 

tz?4*Lxn>yVftmZ^LX^h, 
[0 04 2] mOkt (n-l ) ^Tgft-rSlSfflf^, 
■7X9 -it f ( n ) <5Dffl«gt^*^ U T--C$>^^IS'< 
ttz. /Ui&ffcf (n) T'Mfl-r^Hfitc, 

ttz. mmmf (n+i > 3&»^ur-T**ik*ii 
fg-rs, t Ljaaawif f ( n > &t*f < n+ 1 > y 

T-T**Uf. -e^.^-(ijg^^f (n) IZti^XiS 
flSrtftV ^-OfeS. <>:<50^-f A^D.y M-fc^T^ 

m.&f (n+i ) t-* u-T'^ft^ff ? «o* nni&trr 
*. 

[004 3] ^U^n.ybR*. VX^-«|5|« 

[0044] »:tciait^$^LTv>s*fW<j^rw-f t? 
ht,zm&Lxm3<7)m®m&mmt&. zzx-ammm 

^S'JcOSffi^^ix-CV^ „ 802. 1 1 b'-a 

802.iipsp3 1 0 tV^flyjfiSM (PSP) ^E— HT'<7) 
802. llil«fc. t NflV 3 20fcl^7';b- h-?- 
Xjifii:, t 802 , 1ICS „3OOJ:H9)Sttt- HCAM 
T(?>8 0 2.1 1 ilfgfciHWS*!.* . B^^PiT, t 

802. 1 1 IPSPs t NAV , LT t 8 0 2. HCAB^^^^StiN 

b'X ) fcflcfrf-S. . #b— 3 >B#H3 0 0<5D^S§(;i3^ 
T. AP20I1, ^coWra{C±5V^T^a^--§>80 2. 1 
1PSPMU1 20. 14 0fcb'-3>-fI-Si-3 5 0£iM 
iMrth (iK^PSPMUWjro/it'-nyTt 
mth) „ >I«7)«8ia^. PSPMUl 2 0. 14 0U:8 
0 2. lirnh 3/W£«o y h Ogft. i*fl£ 
^t«PSPMU120, 14 0* ! -lA77h 
SrSfl-tSt. AP2 0(1 N A V (^■yh7-?EjJ- 
^9YlV) «^T(?)80 2. 1 liHi£iB»r$-4jfc 



*>fc, &iswmm*im <cts> a^fcasffi-**. 

■foSCTtt, 802. 1 1MU120, 14 0 (i, Ztlh 

tl^^ti^BTMno^ 150 (ratza 
^e-K^aioo, 1 1 ofcjR&ttti-o**) t,z£^ 

T\ Ztlb&BTM 1 3 0. 1 5 0(ojfiA-£;b;*;fxT^ 
StT:J*.y h 2 8 0, 2 9 0#*BT)Ift3 6 0, 370 
£mkT*&£Hz-t&. NAV«ira3 2 0cO^T^ 
BTM130, 1 5 0iS*a«l(±il^i:^'9. &XC0B 
Tafit»T-r*. a"3<oii*IB (&c9b'-ny380£ 
TCO) Ji, 802. 1 lTDhrj;Wc<J:oT#Itrt-S8 
02. 1 l«MBIt%-P (CAM) MU (BSkW) 

[0045] w)<7>mM<nwm\,zt5\^x\i, mu^psp 

h'T^Kl W*i§-£fi. t 802 . „p SP 3 1 O&rfgm 
m#mi.X%>&\.\ ZZX\ CTSfl^-3 4 0«. # 
802. 1 lb'-rJV^T3 0 0(Cfc^T, Wf^raPi 
t MV 3 2 0Rtft m . uc»n 3 3 0<0^£ h Vtftt. 

[0046] wmmfccommizte ^xa. mukam 

FTft*L5rmfr£fc«L t 80!J1 „„3 3O^B 
BBKiWU-CtiV^ CTSff3 4 0(t 

#8 0 2. 1 1 h'-ay^mr 3 OOiza^X, t NflV 
32OaVt, 0 j. 1 „„3 1 O^pmPicOASrhU^-r 

[0047] mnmmnmmizte wx\i, viv- h >?- 

XisX^-Mi. AP2 OA^WftfcOCZlt-^g 
100. 1 1 0frt>cr)7n—/<,;\s/-tyhy>umm,Zj: 

->x*imitxi&F*imi£zti& . 
[0048] *%,wcr>mcommco&m& , a 1 

TV^ft«cftWrU-f T^h^WiitT. 04 cO|fffB«l^ 

0tngLTSi H J-rs. ;<9r7D-ftit so 2. 1 
1AP*W- h ?-Xt8 02.11 tcofflcommz 
Wfi-rs^Sti^rV*. ft^OC h-?— x*>y h 
"7-?ll 80 2. 1 lMU**l-Ptt<«^T<507';U 

x y*-is'<nmmz#±-tz>xoim-??>£x*, im^ 
?-xxftmtz>« tmmmii (acsi^^s 

JT- y Y[Z-o\,\X<^T9 J cX^mW.-th. ft-?t, 
£ . -JL8 0 2.1 1 m u^mm^Ti-^ t , 

^80 2. 1 

1MU#P SP*-KC***£fc»tr&8Ta6. =5r 
[0049] 04^$ilTV^ J: 5(c. MU1 20**' 

802. i immmkzmts tzizte. btmuo, 

1 5 0tff±(S#4 0 OSrSifi^i. -5-LTMU1 20 
ti. AP2 0t^tC8 0 2. 1 lToh3;PSr^fflLT 
4 5 0S-3ifI-ri»„ MU12O*qWBt 8 0 2.ii4 7O<O 
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MU120(iBTM130. 1 5 0^§§#rfi-5§-4 1 
OSrilff-fft, -?"LT. BTM1 30. 15 011 *flft 
t BI 4 80«HtCBTroh3^SrffifflLT, ZtlZ'tl 
C0BTS160. 170. 1 90. 200M30. 4 
4 0CD3ifI£l!«rrft. MU120802. 1 IV&^-tf 
7 f -^$riHfi-r-l)* 1 AP2 0*^80 2. llt'-ny 
tzMz r^gj LfclRfcUl MU 1 2 OIJBTM 
13 0. 1 5 OK. MU 1 2 0#&fls^<7)T?-feX£3l 
§S(tTUft£ t £iI»-r&f?ihff^-4 2 0 Sri^fi-T 

*. mui 2011 mw<F>mmffi%Z'&mt-fhmiz& 

TM1 3 0. 1 5 0KSSL. mH£Z<7)WglZ**). 

<T>W&(,z£-oX. BTM13 0. lSOIivK^W 
*- y h&ftSr^TL. &BTS16 0. 17 0. 1 9 
0. 2 0 0t^)iifiSrf?jt-rS. -ecom. MU12 0li 
ffLV^rat 802 .ii4 9Ott5^T. AP20i:iIft4 
6 OSr^ft. 

COO 5 0] SOcoHiffecO^SfcfcV^TJi. »ifgt 802 . u 
4 9 0&tft BI 4 8 0fiiIfii®g£iItT. HjeSiUfc 

HFf^tforaPB-c$>4. wic?>mm<r>&mzts^-a±. mmt 

8 o 2 . t , 4 9 0 b t B T 4 8 0 liH t H*flSI<7*K § T'*> ft . 
[00 5 1] 81raSttt<0»!l*fc:*$VVCll BTS 1 6 
0. 170. 180. 190. 200. 21 012. mt 
Jf-N. y K-fe y h . ifcfctt^x-* * B TM 1 1 0 . 1 

3 o (=aflw-4fc«?>i=s5k«-s<ifc#^ia«ieitc* o . 

(SCO) To f- rJ7USrffiffl Lt/^- h f-X*y h 
7-;±tM?iil.. JlWToh 3/1-11 80 2. 1 

Ufrv*. 7VU-h 7-^t80 2. 1 1 Srfigffl-tftPIHC 
(1 ii«7*-^aifi^)fcfttff#s*iTv^*ACLro 

hSA-SrteJBLT://!'— h-7 — X*y h7- ^fcfcwt 

h7-X±TW^JSiMf§£teJB^Sfc#H::fl ^-h 
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TO ALL WHOM IT MAY CONCERN: . 

Be it known that WE, Stephen J. Shellhammer; Jacob Sharony; Tony 
Biuso; Sean Connolly; William Sackett; Joe Cabana; Patrick Tilley; Bob Beach, citizens 
of the United States, have invented an improvement in 

COEXISTENCE TECHNIQUES IN WIRELESS NETWORKS 
of which the following is a 

SPECIFICATION 

BACKGROUND OF THE INVENTION 

This application claims the benefit of provisional applications Serial No. 
60/1 75,262, filed January 1 0, 2000 and Serial No. 60/1 96,979, filed April 1 3, 2000. This 
invention relates to wireless data communications networks, and in particular to 
arrangements for ensuring coexistence between wireless networks that share the same 
frequency band with different operating protocols. 

Wireless devices communicate with one another using agreed-upon 
protocols that are transmitted in predefined frequency bands. Often, devices using one or 
more wireless protocols may operate by transmission within the same frequency band. It 
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is therefore necessary to develop coordination techniques in order for devices using one 
or more wireless protocols to efficiently operate in the same band of frequencies at the 
same time. 

For example, the assignee of the present invention supplies wireless data 
communications systems known as the Spectrum 24® System that follows the 
communications protocol of IEEE 802. 1 1 Standard (802.1 1), which is hereby 
incorporated by reference. In the system as implemented, mobile units (MUs) are in data 
communication with a central computer through one or more access points (APs). The 
APs may communicate with a computer directly or over an Ethernet wired network. 
Each of the MUs associates itself with one of the APs. As defined in 802.1 1, this 
communications protocol uses the 2.4 GHz ISM frequency band. 

As currently designed, 802.1 1 devices may use several predefined 
methods for transmission within the 2.4 GHz band to perform as a wireless local area 
network. One method is to use a frequency hopping spread spectrum (FHSS) mechanism 
wherein data is transmitted for a certain period of time in a particular channel and, 
following a pseudorandom sequence, continues transmission at a different channel for the 
same predetermined length of time. As currently designed, 802.1 1 devices operate at a 
frequency hopping rate of 10 hops/second. Another method is to use a direct sequence 
spread spectrum (DSSS) mechanism wherein the data is transmitted in a predetermined 
frequency channel and is multiplied by a pseudorandom chipping sequence during 
transmission. 
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As all 802.1 ] devices use the same ISM frequency band, interference 
among these devices is minimized by use of a Carrier Sense Multiple Access/Collision 
Avoidance (CSMA/CA) protocol. Under CSMA/CA 5 an 802 1 .11 device listens for 
another's devices transmission prior to initiating its own transmission. If no other 
transmission is detected, the device transmits its information and waits for an 
acknowledgment (ACK) from the receiving device. If no acknowledgment of receipt is 
received after a pre-determined time interval, the device will retransmit after waiting for a 
randomly chosen interval of time. Thus, if two or more devices began transmitting 
coincidentally at the same time and the resulting interference blocks all of the 
transmissions, each device will wait a random amount of time to attempt a 
retransmission. This allows the devices to transmit at different times. 

Another example of a wireless specification that also uses the 2.4 GHz 
ISM frequency band is Bluetooth™, which is designed for communication among devices 
within a short range transmitting at a lower power level. The Bluetooth specification is 
available at www.bluetooth.com. As currently designed, Bluetooth operates using a 
frequency hopping spread spectrum mechanism at a rate of 1600 bops/second. Bluetooth 
uses a master/slave system of communication. One example of a Bluetooth network may 
be a mobile device attached to the user's bell that communicates with a cordless scanner 
for reading bar codes and worn by the user as a ring. In this case, the mobile device 
would operate as the master and the cordless ring scanner would operate as the slave. In 
this system for data transmission, the master and slave only communicate at predefined 
intervals. At the first interval, the master may communicate to a first slave device, which 
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may only respond during the second interval. At the third interval, a master may 
communicate to a second slave device, which may only respond during a fourth interval. 
By using this system, it is ensured that only one device within a particular Bluetooth 
"piconet" is transmitting at any particular time. Thus, interference is minimized. 

Additionally, it is desirable for one Bluetooth piconet to operate in close 
proximity with another, separale Bluetooth piconet. Because there are 79 different 
frequency channels used by Bluetooth, different Bluetooth networks are unlikely to be 
operating on the same frequency at the same time. Interference between the separate 
Bluetooth piconets is thus minimized. This allows, for example, multiple individuals 
working in close proximity with one another to each have his or her own mobile unit 
along with a cordless ring scanner. 

Along with the need to operate multiple networks of the same protocol in 
close proximity, there is also a recognized need in the art to coordinate the transmissions 
of devices operating under different protocols that use the same frequency band. For 
example, it may be desirable to use a cordless ring scanner that commurucates with belt- 
mounted terminal using ihe Bluetooth protocol while the same belt mounted terminal 
communicates with an access point using the 802.1 1 protocol. For example, once the 
user scans a bar code using the cordless ring scanner, the bar code information may be 
sent to the belt-mounted terminal. That bar code information may then be transmitted to 
the 802.1 1 AP. Then an acknowledgment, and possibly a message, may need to be sent 
from the AP back to the belt-mounted terminal. The terminal may also need to 
communicate with other Bluetooth enabled peripherals like a printer or a headset. 
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Although communication protocols such as 802.] 1 and Bluetooth are designed to ensure 
that devices using the same protocol may operate in the same frequency band with a 
minimum of interference, there has heretofore been no method of coordination for the use 
of these wireless devices in the same frequency operating under different communication 
protocols. 

It is additionally desirable to provide voice service using the Bluetooth 
communications protocol, for example, between a belt-mounted terminal and a headset 
worn by the user. Bluetooth supports voice communications using Synchronous 
Connection Oriented (SCO) voice packets which are transmitted every 3.75 ms. The 
requirement for such frequent Bluetooth packet transmission makes it difficult to 
coordinate voice transmission using the Bluetooth SCO packets with 802.1 1 
communications. 

It is therefore an object of this invention to utilize coordination techniques 
to ensure that, for example, both Bluetooth and $02.1 1 enabled devices, may operate 
robustly in the same frequency band at the same time. 

SUMMARY OF THE INVENTION 
An embodiment of the present invention includes a first radio transceiver 
operating in accordance with a first communication protocol (which may be the 802.1 1 
protocol) and using a frequency band (which may be the 2 A GHz ISM band), a base 
station operating in accordance with the first communication protocol, a second radio 
transceiver operating in accordance with a second communication protocol (which may 
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be the Bluetooth protocol) and using the frequency band, and a coordinator associated 
with the base station for r in turn, activating the first radio transceiver, deactivating the 
first radio transceiver, activating the second radio transceiver, and deactivating the second 

radio transceiver. 

The first radio transceiver and the second radio transceiver may be 
mounted together in a housing, which may be suitable for wearing on a belt or a laptop 
computer or a PDA. One or more slave devices may be associated with the second 
transceiver and operate in accordance with the second communication protocol. The 
slave devices may include a scanner, worn on a user's finger and capable of transmitting 
bar code information to the second transceiver, a printer, or a personal data managing 
device. 

In one arrangement wherein the first and second transceivers are mounted 
together in a housing, they may include orthogonally polarized antennas. In another 
auangement a Bluetooth protocol transceiver transmits at power level of about 0 dBm. In 
still another arrangement, two or more sub bands within the frequency band are provided 
and the 802. 1 1 protocol transceiver uses one of the two or more sub-bands and the 
Bluetooth protocol transceiver uses another of the two or more sub-bands. In still another 
arrangement in the second radio transceiver is equipped with a look-ahead function for 
determining whether two or more sub-bands are being used by the first radio transceiver 
that will also be used by the second transceiver. In still another arrangement, a 
coordinator is associated with the first radio transceiver for deactivating the second radio 
transceiver while the first radio transceiver is in use. 
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According to the invention, there is provided a method for operating a 
portable data communications device using first and second wireless data 
communications protocol. The data communications device is operated in a power 
saving mode of the first communication protocol, whereby the device has active time 
periods for transmitting and receiving data communications signals using the first 
communications protocol and dormant lime periods during which the device neither 
transmits nor receives data communications signals using the first protocol. The data 
communications device is operated as a master device according to the second 
communications protocol whereby the data communication device controls operation of 
slave devices communicating therewith. The operation according to the second data 
communications protocol is controlled to operate only during the dormant time periods of 
the first protocols. 

In one embodiment, a signal indicating that the active time period will 
commence following a predetermined time interval is provided to terminate operation 
according to the second data communication protocol during the predetermined time 
interval. The first wireless data communications protocol may be the 802.1 1 protocol. 
The second wireless communication protocol may be Bluetooth. 

In another aspect of the invention, there is provided a method for operating 
a wireless data communications system having an access point and at least one mobile 
unit associated with said access point using a first wireless protocol (which may be 
802.1 1), wherein said mobile unit is arranged to conduct wireless data communications 
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with other units using a second wireless protocol (which may be Bluetooth). Periodic 
beacon signals are transmitted from the access point according to the first wireless 
protocol. Global clear to send signals are transmitted from the access point according to 
the fust wireless protocol, whereby the global clear to send signals prevent mobile units 
from transmitting signals using the first data communications protocol during an 
allocated time interval within the beacon signal period. The access point is controlled to 
avoid transmissions during the allocated time interval, and the mobile unit is operated in 
response 10 the global clear to send signal to conduct wireless communications acting as a 
master unit using the second wireless protocol during the allocated time interval. 

In one embodiment, the beacon signal period is divided into three time 
intervals, wherein the access point conducts power saving mode data communications 
during a first time interval, wherein the access point conducts data communications using 
the second communications protocol during the second time interval and wherein the 
access point conducts data communications using the first wireless protocol during a third 
time interval. The first time interval may immediately following the beacon signal. In 
another embodiment, the first time interval may not be utilized. 

In accordance with another aspect of the invention, there is provided a 
method of operating a data communications system using a master-slave protocol (such a 
Bluetooth), wherein a master transceiver transmits to slave units during first even time 
slots and wherein slave units transmit to the master unit during odd time slots, and 
wherein the transmissions follow a predetermined frequency hop pattern at a hop rate 
corresponding to the time slots. The master unit is operated during a first time period of 
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each time slot to detect interfering signals at a frequency corresponding to the following 
time slot. Transmission by the master transceiver is inhibited during even time slots if 
interfering signals have been detected during either of the current or previous time slots. 

In a preferred practice, the operating step includes tuning the master unit 
to receive signals corresponding to the frequency allocated to the next following time 
slot; detecting the strength of signals received and retiming the master unit to send or 
receive signals corresponding to the frequency allocated to the current time slot. 

In another aspect of the invention, there is provided a method for 
providing voice communications in a wireless data communications system having a 
mobiJc unit arranged to communicate with an access point using a first data 
communications protocol (such as 802. 1 1 ) and arranged to communicate with other 
devices using a second data communications protocol (such as Bluetooth). Data 
corresponding to the voice communication is communicated between the access point and 
the mobile unit using the first data communications protocol. The data corresponding to 
the voice communications is communicated between the mobile unit and a portable 
device using the second data communication protocol. The communication is arranged at 
time intervals which avoid interference with the communicating using the first data 
communications protocol. Voice signals are converted to data corresponding to the voice 
signals and data signals corresponding to voice signal are converted into voice signals in 
the portable device. 
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In a preferred arrangement, the data corresponding to voice signals 
comprises compressed voice signal data. The communication between the mobile unit 
and the portable device preferably uses a Bluetooth ACL link. 

According to a further aspect of the invention, there is provided a method 
for operating a mobile unit arranged to communicate using first and second data 
communication protocols operating in the same frequency band (such as 802.1 1 and 
Bluetooth) wherein the mobile unit associates with an access point and receives therefrom 
beacon signals demarcating time intervals according to the first communications protocol. 
Signals are received from the access point (such as CTS signals) designating a portion of 
one of the time intervals during which mobile units associated with the access point 
refrain from transmissions using said first data communications protocol. The mobile 
unit is operated as a master unit using the second data communications protocol to 
communicate with slave units during the designated portion of the time interval. 

According to a further aspect of the invention, there is provided a method 
for operating a wireless data communications network having at least one access point 
and at least one mobile unit including a mobile unit arranged to communicate with the 
access point using a first wireless data communication protocol (such as 802.1 1) in a first 
frequency band and to communicate with other devices using a second wireless data 
communication protocol (such as Bluetooth) in the first frequency band. Signals (such as 
CTS) as sent from the access point in the first communications protocol, which designate 
a lime period wherein mobile units associated with the access point refrain from 
transmitting using the first data communications protocol. The mobile units operate as a 
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master unit to conduct wireless data communications with the other devices operating as 
slave units using the second data communications protocol during the designated time 
period. 

According to still another aspect of the invention, a method is provided for 
operating a mobile unit arranged to communicate using first and second data 
communications protocols operating in the same frequency band (such as 802.1 1 and 
Bluetooth), wherein the mobile unit associates with an access point The mobile unit 
receives first and second control signals using the first data communications protocol. 
The mobile units arc operated in response to the first control signals to act as a master 
unit and conduct data communications with slave units using the second data 
communications protocol. Communications by the mobile unit using the second data 
communications protocol is discontinued in response to the second control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a block diagram of a wireless communications system using 

802.1 1 and Bluetooth devices. 

Figure 2 is a block diagram of a wireless communications system using 

802.1 1 and Bluetooth devices at the same time along with a connect button switch and 

connected indicators. 

Figure 3 is a schematic diagram of an embodiment of the present invention 

illustrating a coordinated time line between the operation of 802.1 1 and Bluetooth 

devices. 
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Figure 4 is a schematic diagram of an embodiment of the present invention 
illustrating another coordinated time line between the operation of 802.1 1 and Bluetooth 
devices. 

Figure 5 is a diagram showing a modified Bluetooth operating method for 
avoiding interference. » 

Figure 6 is a drawing showing one example of orthogonally polarized 

antennas. 

Figure 7 is a drawing of a wireless headset arranged for voice 
communications. 

Figure 8 is a block diagram of the headset of Figure 7. 

DESCRIPTION OF THE INVENTION 
Turning to Figure 1, shown are a plurality of base stations or Access 
Points (APs) 20, 30 that are physically connected 40, 50 to a wired netwoik 1 0. While a 
wired network with multiple access points connected to a CPU 12 is a typical installation, 
the system may use a single computer and single AP. Each AP contains apparatus 60, 70 
for the transmission and reception of radio frequency (RF) signals under the 802.1 1 
protocol. Also using the 802.1 1 protocol, a plurality of radio transceivers or mobile units 
(MUs) 120, 140 communicate using apparatus 80, 90 for the transmission and reception 
of RF signals. Each MU 120, 1 40 may also be associated with a radio transceiver which 
is a Bluetooth Master (BTM) device 1 30, 1 50, which together make up a dual mode 
devices 100, 1 10. The association between the MU and BTM may be, for example, by 
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way of being physically housed in the same unit. An example of a dual mode device 100, 
1 1 0 may be portable terminal worn on a belt 

Each BTM ] 30, 1 50 communicates with one or more Bluetooth Slave 
(BTS) devices 160, 170, 180, 190, 200, 210 via the Bluetooth protocol. The Bluetooth 
protocol is established such that each BTS is uniquely associated with a BTM. Thus, as 
illustrated, BTSIA 160, BTS IB 170, and BTS1C 180 communicate using RF signals 220, 
230, 240 only with BTM1 130. This forms a piconet 280. Correspondingly, BTS2A 190, 
BTS2B 200, and BTS2C 210 communicate using RF signals 250, 260, 270 with BTM2 
1 50. This forms a piconet 290. An example of a BTS may be a cordless ring scanner, a 
printer, or personal data managing device. 

With no coordination, there will be times when the BTM 1 30, 150 and the 
associated MU 120, 140 attempt to operate at the exact same time. Since the two devices 
operate in the same 2.4 GHz ISM frequency band the BTM 130, 150 and the MU 120, 
1 40 may severely interfere with one another, especially if they are housed in a dual mode 
device 100, 110. Therefore, there is a need for coordination between the two devices. 
One such coordination scheme is primarily based on time multiplexing of the 802.1 1 and 
BT radios, which is especially suitable for a controlled environment (e.g., the 802.1 1 and 
BT radios are housed in the same terminal or dual mode device). In one embodiment, the 
Bluetooth systems are enabled or disabled according to a global/central signal from the 
802.1 1 AP as described herein. The central signal may also be coordinated among the 
two devices without coordinating with the AP. 
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In a further embodiment, the dual mode devices 100, 1 10 may be designed 
such that the 802.1 1 antennas 80, 90 have orthogonal polarization with respect to the 
Bluetooth antennas used to generate RF signals 220, 230, 240, 250, 260, 270. This 
technique may provide additional protection from 802.1 1 Bluetooth interference and does 
not require the need for centralized control. 

Figure 6 shows one example of orthogonally polarized antennas that can 
be used to reduce interference. The antenna structure of Figure 6 includes a vertically 
polarized monopole antenna 502, which is connected to a transmitter/receiver by an 
unbalanced transmission line 510. The structure also includes a horizontally polarized 
dipole antenna having dipole amis 504, 506 which are connected to a transmitter/receiver 
by balanced transmission line 508. Those skilled in the art will recognize that many other 
orthogonal-polarized antenna configurations may be used. 

In a further embodiment, the BTMs 130, 1 50 may be designed to transmit 
at a relatively low power level such as lower than 0 dBm. This technique may provide 
additional protection from 802.1 1 Bluetooth interference and may be used with other 
antenna or frequency coordination methods discussed herein. 

In a further embodiment, the 802. 1 1 APs 20, 30 and MUs 1 20, 1 40 may be 
designed to operate in one portion of the 2.4 GHz spectrum, while the BTMs 130, 150 
and BTSs 1 60, 1 70, 1 80, 1 90, 200, 210 may be designed to operate in another portion of 
the 2.4 GHz spectrum. 

In a further embodiment, the BTMs 1 30, 1 50 may be equipped with a 
look-ahead function to determine which frequencies within the 2.4 GHz band will be used 

-14- 



(C 8 ) )02-185476 (P2002-1 8JL8 

for two or more future Bluetooth frequency hops to occur. If the BTM 1 30, 150 
determines that one of the next two or more frequency hops will use the same frequency 
that the 802.1 1 system is using, the BTMs 130, 1 50 will blank their output, thus reducing 
the effect of the interference on the 802.1 1 transmissions. By using this method, 
interference between Bluetooth and 802.1 1 could be reduced or eliminated at the expense 
of dropping a couple of packets when channel overlap occurs. This approach may also be 
expanded to include the blanking of adjacent channels that may also interfere with the 
802. 1 1 transmissions. 

Bluetooth uses a Frequency Hopping Spread Spectrum (FHSS) radio, 
which hops much faster than most IEEE 802.1 1 radios. Bluetooth sends a short packet as 
it dwells on a given frequency. Most IEEE 802.1 1 radios hop much slower and send 
much longer packets. Also there are versions of IEEE 802. 1 1 WLANs that use Direct 
Sequence Spread Spectrum (DSSS) which do not hop and occupy a wide band. 

As a result, during the transmission of an IEEE 802. 1 1 packet the 
Bluetooth radio hops across many frequencies and potentially sends a packet on each 
frequency. These Bluetooth packets can interfere with the IEEE 802.1 1 packets and 
cause the IEEE 802.1 1 packet to be in error. The IEEE 802.1 1 packet needs to be 
retransmitted, and once again may be destroyed by the signal from the Bluetooth radio. 

This technique shown in Figure 5 can be used in any Bluetooth radio and 
in any device that will operate in an IEEE 802.1 1 WLAN environment. Since it detects 
devices radiating in the 2.4 GHz ISM band it could also be used to prevent interference 
with other devices in that band 
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A Bluetooth network consists of up to eight Bluetooth devices operating in 
a piconet. The piconet has one master and up to seven slaves. All the Bluetooth devices 
in the piconet hop in unison, at a rate of 1 600 hops/second. The time that the frequency 
hopper dwells on a given frequency is called the slot time. At this hop rate the slot time 
is 625 microseconds. Typically packets are completed within one slot time, however, it is 
also possible to have 3 and 5 slot packets. The master and the slaves take turns 
transmitting, with the master transmitting on even slots and the slaves transmitting on odd 
slots. See also Bluetooth Specification, version 1.0, December 1, 1 999, which is hereby 
incorporated by reference in full. 

There are two types of links between the master and each of the slave 
devices in a Bluetooth piconet. There is an asynchronous connection-less link (ACL) 
which is used to transfer data. There is also a synchronous connection oriented link 
(SCO) that is used to transfer voice data. The master in the picolink determines when 
data on an ACL link is transferred. Data is transferred when the master has data to send 
to a slave or the master wants to receive data from a slave. 

Each Bluetooth device within a piconet frequency hops in unison, 
according to a pseudo random sequence. Figure 5 illustrates a device hopping along its 
sequence of frequencies: f(l), f(2), ... f(ri) ... The figure also shows how the 
625-microsecond slot time includes a 220-niicrosecond period for tuning the frequency 
synthesizer in the radio to a new frequency and a 405-microsecond data transmission 
period. 
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As stated above during even slots T(f) the master transmits to a slave and 
during odd slots R(f) the slave transmits back to the master. The master can transmit on 
any even time slot. The slave can only transmit to the master in a time slot if the master 
sent the slave a packet in the previous time slot. If the master does not send data to any 
slave in slot n then no slave can transmit in slot The exception to this rule is for 

SCO link packets in which data is always transmitted in predefined periodic intervals. So 
for ACL links if the master does not transmit any data, the slaves do not send any data. 

Currently the piconet master does not attempt to determine if any other 
devices are using the spectrum before it transmits. As a result, if there is an IEEE 802. 1 1 
packet currently being transmitted the Bluetooth master will not bother to check to see if 
this other system is transmitting and will itself transmit at the same time, and possibly on 
the same frequency. As a result it will interfere with the IEEE 802. 1 1 packet possibly 
causing the packet to be received incorrectly. 

It is proposed to subdivide the 220 microsecond tuning time interval into 
several subintervals and to spend some of that time looking ahead into subsequent 
frequencies to see if there is any other devices transmitting in those channels. The reason 
to look ahead is that if the a master sends a message to slave #1 on frequency f(n), then 
the master has cleared slave #1 to transmit during the next time slot on frequency f(n+l). 
Therefore, the master needs to look ahead to the frequency that corresponds to the next 
slot. The 220 microsecond timing interval can be subdivided as follows. In the first 80 
microseconds the frequency synthesizer in the master retimes to f{n+l), then in the next 
60 microseconds the master listens for any signal in that band. This can be done using a 
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standaid Receive Strength Signal Indicator (RSSI) in the radio. Then in the next 80 
microseconds the frequency synthesizer then retunes the radio to f(n). Figure 5 illustrates 
the new proposed time slot subdivision. 

Just prior to receiving on frequency f(n- 1 ) the master checks to see that the 
frequency band at f(n)is clear. Also* prior to transmitting on frequency f(n) the master 
also makes sure that the frequency band f(n) is clear. If frequency bands f(n) and f<n+l) 
are clear then the master will transmit on frequency band fl[n) and as a result allow the 
slave to transmit on frequency band f(n+l),in the next time slot 

During a time slot R the master likewise checks the frequency band that it 
will use to transmit in the following time interval. If that time slot is occupied, it will not 
transmit. 

Referring now to the schematic of Figure 3 in conjunction with the 
physical layout shown in Figure 1. There is shown another technique to coordinate 
transmissions. Every 802. 1 1 beacon time period, T 300, may be divided into three time 
intervals: 802.1 1 communications in the power saving (PSP) mode - W, 1PS p 310, 
Bluetooth communications - i NAV 320, and 802. 1 1 communications in the active mode 
CAM - Wiicam 330. The duration of time intervals T, t M2 utK p> Wv> and Whcam depend 
on traffic characteristics and application needs (e.g., time critical services). At the 
beginning of each beacon period 300, AP 20 sends a beacon signal 350 to the 802.1 1 PSP 
MU's 1 20, 3 40 that wake up in this period (some PSP MU's may wake up b a different 
beacon). During this period the PSP MU's 120, 140 receive and transmit their packets 
according to the 802.11 protocol. Once all the PSP MU's 120, 140 receive their packets, 
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the AP 20, may optionally send a global Clear to Send (CTS) signal 430 to shut down all 
the 802.1 1 communications for a NAV (Networic Allocation Vector) period. At this point 
the 802. 1 1 MUs 1 20, 1 40 will enable their associated BTMs 1 30, 1 50 (which may be 
housed in the same dual mode devices 1 00, 1 1 0) so the piconets 280, 290 associated with 
these BTMs 130, 150 may begin BT communications 360, 370. After completion of the 
NAV period 320 the BTM 1 30, 1 50 radios are disabled and all BT communications is 
ceased. The rest of the time (until the next beacon 380) is dedicated for 802.1 1 
Continuously Aware Mode (CAM) MU's (not shown) that operate according to the 
802.11 protocol. 

In a further embodiment, the t ta2 nPSP 310 time interval may be eliminated 
if the MUs do not operate in PSP mode. Here, the CTS signal 340 would trigger only 
t NAV 320 and t^, lCAM 330 time intervals for every 802. 1 1 beacon period, T 300. 

In a further embodiment, the t^ , 1CAM 330 time interval may be eliminated 
if the MUs do not operate in CAM mode. Here, the CTS signal 340 would trigger only 
t NAV 320 and t g02 IIPS p 310 time intervals for every 802.1 1 beacon period, T 300. 

In a farther embodiment, the Bluetooth systems are enabled or disabled 
according to a global/central signal from the dual mode devices 100, 1 10 instead of from 
an AP20. 

A further embodiment of the present invention may be demonstrated by 
referring to the schematic of Figure 4 in conjunction with the physical layout shown in 
Figure 1 . In this approach there is no need for the 802.1 1 APs to coordinate between 
Bluetooth and 802. 1 1 transmission. Instead, the Bluetooth network operates in the 



-19- 



(©3) J02-1 85476 (P2 0 0 2-18JL8 

ordinary course until a 802.1 1 MU instructs one or all of the Bluetooth masters to stop 
transmitting messages to the Bluetooth slaves. When using Asynchronous 
Connectionless (ACS) packets, the Bluetooth master controls access to the medium for its 
piconet. Thus, if the masters stops transmitting the slaves stop as well. Once the 802.1 1 
MU has completed its communication, the Bluetooth masters are allowed to resume 
communicating with the Bluetooth slaves. This technique is especially useful when all 
the 802. 1 1 MUs are in PSP mode, because these devices are in suspended mode during 
most of the time. 

As shown in Figure 4, when the MU 120 desires to initiate 802.1 1 
communication, its sends a STOP signal 400 to the BTMs 130, 150. The MU 120 then 
communicates 450 using the 802. 1 1 protocol with the AP 20. When the MU 1 20 is 
finished communicating for the period t^ „ 470 and is ready to resume its power save 
mode, the MU 120 communicates a START signal 410 to the BTMs 130, 150. The 
BTMs 1 30, 150 may then proceed to communicate 430, 440 using the BT protocol with 
their respective BTSs 1 60, 1 70, 1 90, 200 during the period t BT 480. When the MU 120 
802.1 1 terminal "wakes up" to either send data or to listen for a 802.1 1 beacon from the 
AP 20, the MU 120 sends a STOP signal 420 to the BTMs 1 30, 1 50 to infoim then that 
the MU 120 is taking over access to the medium. The MU 120 may warn the BTMs 130, 
1 50 before it needs exclusive use of the medium, and this warning may occur, for 
example, about 4 usee before access is required. This allows the BTMs 1 30, 1 50 to 
complete several packet transfers and then stop communicating with their respective 
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BTSs 1 60, 170, 1 90, 200. Subsequently the MU 120 may communicate 460 with the AP 
20 for a new period t^,, 490. 

In a further embodiment, Che periods i m n 490 and t^ 480 are at fixed, 
predetermined intervals throughout the communications process. In a further 
embodiment, the periods ta02.11 490 and t^ 480 are equal length of time. 

In a further embodiment, a BTS 1 60, 1 70, 1 80, 1 90, 200, 2 1 0 may be, for 
example, a headset or voice transmission device designed to transmit voice data to the 
BTMs 1 10, 130, which is then transmitted via the 802.1 1 network. Voice information is 
normally transmitted on a Bluetooth network using the periodic Synchronous Connection 
Oriented (SCO) protocol. This protocol is not conducive to the transmission 
interruptions required to coordinate with 802. 1 1 operation. It would be more efficient, 
when using Bluetooth and 802. 1 1 , to transmit voice over the Bluetooth network using the 
ACL protocol that is normally reserved for data transmission. To use voice transmission 
over Bluetooth, when used in conjunction with the frequency coordination techniques 
disclosed herein, the Bluetooth piconet 280, 290 needs to compress and decompress the 
voice information in order to use the ACL protocol normally reserved for data 
transmissions. 

Referring to Figures 7 and 8, there is shown a voice communication 
system 520 including a headset 523 having a BTS radio unit 210 which communicates 
with a dual mode mobile unit 1 1 0 using the BT protocol. The headset 52 1 includes an 
earphone in the same housing as radio unit 230 and a microphone 522. Mobile unit 1 10 
may be arranged to be worn on the belt of a user. As shown in Figure 8, BTS 210 include 
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microphone 522, earphone 524, and D to A and A to D converter 526 for converting 
sound signals to digital signals and vice versa. Digitized sound signals are compressed 
and arranged in packets in processor 528 and transmitted using RF module 530 and 
antenna 532. The reverse process is used for received signals. RF module 530 
communicates with MU 1 1 0 using BT protocol in the ACL mode. ' 

Another issue that results from attempts to coordinate 802. 1 1 and 
Bluetooth devices is ensuring that the lower power Bluetooth devices are actually 
operating in conjunction with the higher power 802.1 1 devices. In this regard, a further 
embodiment of the present invention may be demonstrated by referring to Figure 2. 
Figure 2 is substantially similar to a portion of Figure 1, with the addition of a connect 
button 500 that provided on MUs 140 of the 802.1 1 network and light 540. The connect 
button 500, may be physically mounted on a dual mode device 110. When activated by 
the user, the connect button 500 instructs the mobile units 140 to stop transmitting 
(timeout) for a preset amount of time. For example, the timeout could last for 10 
seconds. This timeout would allow the Bluetooth piconet 290 to establish operations free 
from interference from 802. 1 1 devices for the timeout period. Once established, the 
piconet 290 may activate light 540 to assure the user that the Bluetooth piconet 290 has in 
fact, been established. Once the timeout period ends, other methods for frequency 
coordination as described herein may be utilized. 

While there have been described what are believed to be the preferred 
embodiments of the present invention, those skilled in the art will recognize that other 
changes and modifications may be made thereto without departing from the spirit of the 
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present invention, and it is intended to claim all such changes and modifications as fall 
within the true scope of the invention. 
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I/WE CLAIM : 

I . Apparatus for transmission coordination, comprising: 
a first radio transceiver operating in accordance with a first 
communication protocol and using a frequency band; 

a base station operating in accordance with the first communication 

protocol; 

a second radio transceiver operating in accordance with a second 
communication protocol and using the frequency band; 

a coordinator associated with the base station for, in turn, 
activating the first radio transceiver, deactivating the first radio transceiver, activating the 
second radio transceiver, and deactivating the second radio transceiver. 

2. The apparatus of claim 1 , wherein the frequency band is 

about 2.4 GHz. 



3. The apparatus of claim 2, wherein the first communication 
protocol is the IEEE 802.1 1 protocol. 

4. The apparatus of claim 3, wherein the second 
communication protocol is the Bluetooth protocol. 
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5. The apparatus of claim 4, wherein the first radio transceiver 
and the second radio transceiver are mounted together in a housing. 

6. The apparatus of claim 5, wherein the housing is suitable 

for wearing on a belt. 

7. The apparatus of claim 5, further comprising one or more 
slave devices associated with the second transceiver and operating in accordance with the 
second communication protocol. 

8. The apparatus of claim 7, wherein at least one of the one or 
more slave devices is a scanner capable of being worn on a user's linger. 

9. The apparatus of claim 8, wherein the scanner is capable of 
transmitting bar code information to the second transceiver. 

1 0. The apparatus of claim 7, wherein at least one of the one or 
more slave devices is a printer 

1 1 . The apparatus of claim 7, wherein at least one of the one or 
more slave devices is a personal data managing device. 
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] 2. The apparatus of claim 5, wherein the period between 
activating the first radio transceiver and deactivating the first radio transceiver comprises 
a first time period and wherein the period between activating the second radio transceiver 
and deactivating the second radio transceiver comprises a second time period, and 
wherein the first time period and second time period are at fixed, predetermined intervals, 

1 3. The apparatus of claim 12, wherein the first time period and 
the second time period are of equal intervals. 

14. Apparatus for transmission coordination, comprising: 
a first radio transceiver operating in accordance with a first 

communication protocol and using a frequency band, 

a base station operating in accordance with the first communication 

protocol; 

a second radio transceiver operating in accordance with a second 
communication protocol and using the frequency band, wherein the first radio transceiver 
and the second radio transceiver are mounted together in a housing; 

a coordinator associated with the housing, for, in turn, activating 
the first radio transceiver, deactivating the first radio transceiver, activating the second 
radio transceiver, and deactivating the second radio transceiver. 
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1 5. The apparatus of claim 1 4, wherein the frequency band is 

about 2.4 GHz. 

16. The apparatus of claim 1 5, wherein the first communication 
protocol is the IEEE 802.1 1 protocol 

1 7. The apparatus of claim 1 6, wherein the second 
communication protocol is the Bluetooth protocol. 

] 8. The apparatus of claim 1 4, wherein the period between 
activating the first radio transceiver and deactivating the first radio transceiver comprises 
a first time period and wherein the period between activating the second radio transceiver 
and deactivating the second radio transceiver comprises a second time period, and 
wherein the first time period and second time period arc at fixed, predetermined intervals. 

1 9. The apparatus of claim 1 8, wherein the first time period 
and the second time period are of equal intervals. 

20. Apparatus for transmission coordination, comprising : 
a first radio transceiver operating in accordance with an IEEE 

802.1 1 protocol and using a frequency band of about 2.4 GHz and having a first antenna 

system; 
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a base station operating in accordance with the IEEE 802. 1 1 

protocol; 

a second radio transceiver operating in accordance with a 
Bluetooth protocol and using the frequency band of about 2.4 GHz and having a second 
antenna system; 

wherein the first antenna system and the second antenna system are 
of orthogonal polarization. 

2 1 . Apparatus for transmission coordination, comprising: 
a first radio transceiver operating in accordance with an IEEE 
802.1 1 protocol and using a frequency band of about 2.4 GHz; 

a base station operating in accordance with the IEEE 802. 1 1 

protocol; 

a second radio transceiver operating in accordance with a 
Bluetooth protocol and using the frequency band of about 2.4 GHz; 

wherein the Bluetooth protocol transmission transmits at power 

level of about 0 dBm. 



22. Apparatus for transmission coordination, comprising: 
a first radio transceiver operating in accordance with an IEEE 

802.1 1 protocol and using a frequency band of about 2.4 GHz, the frequency band of 

about 2.4 GHz having two or more sub-bands; 
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a base station operating in accordance with the IEEE 802.1 1 

protocol; 

a second radio transceiver operating in accordance with a 
Bluetooth protocol and using the frequency band of about 2 A GHz; 

wherein the IEEE 802.1 1 protocol transceiver uses one of the two 
or more sub-bands and the Bluetooth protocol transceiver uses another of the two or more 
sub-bands. 

23. Apparatus for transmission coordination, comprising: 
a first radio transceiver operating in accordance with an IEEE 

802.1 1 protocol and using a frequency band of about 2.4 GHz, the frequency band of 

about 2.4 GHz having two or more sub-bands; 

a base station operating in accordance with the IEEE 802.1 1 

protocol; 

a second radio transceiver operating in accordance with a 
Bluetooth protocol and using the frequency band of about 2.4 GHz; 

wherein the second radio transceiver is equipped with a look-ahead 
function for determining whether the two or more sub-bands are being used by the first 
radio transceiver that will also be used by the second transceiver. 

24. Apparatus for transmission coordination, comprising: 
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a first radio transceiver operating in accordance with a first 
communication protocol and using a frequency band; 

a base station operating in accordance with the first communication 

protocol; : v ' 

a second radio transceiver operating in accordance with a second 

communication protocol and using the frequency band; 

a coordinator associated with the first radio transceiver for 

deactivating the second radio transceiver while the first radio transceiver is in use. 

25. A method for operating a portable data communications 
device using first and second wireless data communications protocol comprising: 

operating said data communications device in a power saving 
mode of said first communication protocol, whereby said device has active time periods 
- for transmitting and receiving data communications signals using said first 

communications protocol and dormant time periods during which said device neither 
transmits nor receives data communications signals using said first protocol; 

operating said data communications device as a master device 
according to said second communications protocol whereby said data communication 
device controls operation of slave devices communicating therewith; and 

controlling said operation according to said second data 
communications protocol to operate only during said dormant time periods. 
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26. A method as specified in claim 25 wherein said controlling 
comprises providing a signal indicating that said active time period will commence 
following a predetermined time interval and terminating operation according to said 
second data communication protocol during said predetermined time interval. 

27. A method as specified in claim 25 wherein said first 
wireless data communications protocol is the IEEE 802.1 1 protocol. 

28. A method as specified in claim 27 wherein said second 
wireless communication protocol is Bluetooth. 

29. A method for operating a wireless data communications 
system having an access point and at least one mobile unit associated with said access 
point using a first wireless protocol, wherein said mobile unit is arranged to conduct 
wireless data communications with other units using a second wireless protocol, 
comprising: 

transmitting periodic beacon signals from said access point 
according to said first wireless protocol; 

transmitting global clear to send signals from said access point 
according to said first wireless protocol, said global clear to send signals preventing 
mobile units from transmitting signals using said first data communications protocol 
during an allocated time interval within said beacon signal period; 
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controlling said access point to avoid transmissions during said 
allocated time interval; 

operating said mobile unit in response to said global clear to send 
signal to conduct wireless communications acting as a master unit using said second 
wireless protocol during said allocated time interval. 

30. A method as specified in claim 29 wherein said first 
wireless data communications protocol is the IEEE 802. 1 1 protocol. 

31. A method as specified in claim 30 wherein said second 
wireless communication protocol is Bluetooth. 

32. A method according to claim 29 wherein said beacon signal 
period is divided into three time intervals, and wherein said access point conducts power 
saving mode data communications during a first time interval, wherein said allocated 
time interval is a second time interval and wherein said access point conducts data 
communications using said first wireless protocol during a third time interval. 

33. A method according to claim 32 wherein said first time 
interval is immediately following said beacon signal. 
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34. A method as specified in claim 32 wherein said first 
wireless data communications protocol is the IEEE 802.1 1 protocol* 

35. A method as specified in claim 34 wherein said second 
wireless communication protocol is Bluetooth. 

36. A method of operating a data communications system using 
a master-slave protocol, wherein a master transceiver transmits to slave units during first 
even time slots and wherein slave units transmit to said master unit during odd time slots, 
and wherein said transmissions follow a predetermined frequency hop pattern at a hop 
rate corresponding to said time slots, comprising: 

operating said master unit during a first time period of each time 
slot to detect interfering signals at a frequency corresponding to the following time slot, 
and 

inhibiting transmission by said master transceiver during even time 
slots if interfering signals have been detected during either of the current or previous time 
slots. 

37. A method according to claim 36, wherein said operating 
step comprises tuning said master unit to receive signals corresponding to the frequency 
allocated to the next following time slot; detecting the strength of signals received and 
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retiming said master unit to send or receive signals corresponding to the frequency 
allocated to the current time slot 

38. A method according to claim 37 wherein-said protocol is 

Bluetooth. 

39, A method for providing voice communications in a 
wireless data communications system having a mobile unit arranged to commumcate with 
an access point using a first data communications protocol and arranged to communicate 
with other devices using a second data communications protocol, comprising: 

communicating data corresponding to said voice communication 
between said access point and said mobile unit using said first data communications 
protocol; 

communicating said data corresponding to said voice 
communications between said mobile unit and a portable device using said second data 
communication protocol, said communication being arranged at time intervals which 
avoid interference with said communicating using said first data communications 
protocol; and 

converting voice signals to data corresponding to said voice signals 
and converting data signals corresponding to voice signal into voice signals in said 
portable device. 
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40. A method as specified in claim 39 wherein said data 
corresponding to voice signals comprises compressed voice signal data. 

41 . A method as specified in the claim 3 9 wfcerein said first 
communications protocol is the IEEE 802. 1 1 protocol 

42. A method according to claim 41 wherein said second 
communication protocol is Bluetooth. 

43. A method according to claim 42 wherein said 
communication between said mobile unit and said portable device uses a Bluetooth ACL 
link. 

44. A method as specified in claim 43 wherein said data 
corresponding to voice signals comprises compressed voice signal data. 

45. A method for operating a mobile unit arranged to 
communicate using first and second data communication protocols operating in the same 
frequency band wherein said mobile unit associates with an access point and receives 
therefiom beacon signals demarcating time intervals according to said first 
communications protocol, comprising: 
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receiving signals from said access point designating a portion of 
one of said time intervals during which mobile units associated ^with said, ac^s point 
refrain from transmissions using said first data communications protocol, and. 

operating said mobile unit as a master unit using-said second data 
communications protocol to communicate with slave units during said designated portion 
of said time interval. 

46. A method as specified in claim 45 wherein said first 
protocol is the IEEE 802.1 1 protocol. 

47. A method as specified in claim 46 wherein said signals 

comprise CTS signals. 

48. A method as specified in claim 47 wherein said second 

protocol is Bluetooth. 

49. A method for operating a wireless data communications 
network having at least one access point and at least one mobile unit, including a mobile 
unit arranged to communicate with said access point using a first wireless data 
communication protocol in a first frequency band and to communicate with other devices 
using a second wireless data communication protocol in said first frequency band, 
comprising: 

-36- 



(6 0) )02-l 85476 (P200 2-18JL8 

transmitting signals from said access point in said first 
communications protocol, said signals designating a time period wherein mobile units 
associated with said access point refrain from transmitting using said first data 
communications protocol; and 

operating said mobile units as a master unit to conduct wireless 
data communications with said other devices operating as slave units using said second 
data communications protocol during said designated time period. 

50. A method as specified in claim 49 wherein said first 
communications protocol is the IEEE 802.1 1 protocol. 

51. A method as specified in claim 49 wherein said signals 

comprise CTS signals. 

52. A method for operating a mobile unit arranged to 
communicate using first and second data communications protocols operating in the same 
frequency band, wherein said mobile unit associates with an access point, comprising: 

receiving in said mobile unit first and second control signals using 
said first data communications protocol; 

operating said mobile unit in response to said first control signals 
to act as a master unit and conduct data communications with slave units using said 
second data communications protocol; and 
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discontinuing communications by said mobile unit using said 
second data communications.protocol in response to said second control signal. 



53. A method as specified in claim 41 wherein said first 
protocol is the IEEE 802.11 protocol. r 



54. A method as specified in claim 42 wherein said signals 
comprise CTS signals. ~ 
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ABSTRACT OF THF. DISCLOSURE 

Techniques are provided for frequency coordination among two different 
wireless network protocols, such as the IEEE 802.1 1 and Bluetooth protocols, operating 
in proximity with one another. Coordination is accomplished by theuse of a first radio 
transceiver operating in accordance with a first communication protocol (which may be 
the 802.1 1 protocol) and using a frequency band (which may be the 2.4 GHz band), a 
base station connected to a wired network and operating in accordance with the first 
communication protocol, a second radio transceiver operating in accordance with a 
second communication protocol (which may be the Bluetooth protocol) and using the 
frequency band, and a coordinator associated with the base station for, in turn, activating 
the first radio transceiver, deactivating the first radio transceiver, activating the second 
radio transceiver, and deactivating the second radio transceiver. 



